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(54) Modular data storage system 

(57) A modular data storage system (10) for han- 
dling and storing data cartridges may comprise a car- 
tridge handling assembly (50). at least one modular unit 
(12. 13, 14). and a vertical lift system (58). Each of the 
modular units (12, 13, 14) of the modular data storage 
system (10) is stackabie vertically upon one another to 
form adjacent modular units. Each of the modular units 
(12. 13, 14) comprises a housing (30, 32, 34) with open- 
ings (36, 38) therein which are adapted to allow the car- 
tridge handling assembly (50) to pass therethrough, A 
plurality of cartridge receiving devices (40) are included 
within each of the nrxxlular units (12, 13. 14). The adja- 
cent modular units (12, 13. 14) are substantially in align- 
ment and positioned such that the cartridge handling 
assembly (50) may be vertically translated among the 
adjacent modular units (12, 13, 14). The vertical lift sys- 
tem (58) is provided to vertically translate the cartridge 
handling assembly (50) among the adjacent modular 
units (12, 13. 14). The vertical lift system (58) may 
include a pinion gear asserrt>ly (60) mounted on the 
cartridge handling assembly (50). a rack assembly (80, 
90) mounted on each of the modular units (12, 13. 14) 
and operaWy associated with the pinion gear assembly 
(60), and an actuator system (70) operably attached to 
the pinion gear assembly (60). In one embodiment, the 
modular units (12, 13, 14) maybe placed within a hous- 
ing (120). 
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Description 

HELD OF THE INVENTIOrsi 

[0001] The present invention relates generally to data 
storage systenns for handling and storing data storage 
media devices such as data cartridges, and more par- 
ticularly to a data storage system comprised of individ- 
ual vertically-stackaWe modular units. . 



BACKGRQl |ND OF THF INVENTinN 

[0002] Data storage in the computer industry is 
accomplished in a number of ways. For example, data 
nriay be stored on tape, compact disk, floppy" or "hard" 
disk, and the like. Oftentimes.' data storage media which 
is transferraWe from one location to another is housed 
within a parallelepiped-shaped cartridge. It is to be 
understood that the term "cartridge" or "data cartridge" 
as used in the present application enconpasses any 
data storage media device, whether or not it is housed 
within a cartridge. 

[0003] Data storage systems are used to store data 
storage media devices such as data cartridges at 
known locations and to retrieve desired cartridges so 
that data may be written to or read from the cartridges. 
A typical data storage system may include different 
types of cartridge receiving devices. For example, one 
type of cartridge receiving device is a cartridge storage 
rack or "magazine" which has a plurality of individual 
cartridge storage locations. Another type of cartridge 
receiving device Is a cartridge read/write device or 
"drive". A data storage system may also include a car- 
tridge handling assembly for retrieving data cartridges 
arxi translating them among cartridge receiving devices 
(e.g., from a cartridge storage location to a drive and 
vice-versa). 

[0004] Data storage systems may be produced in a 
variety of sizes and configurations. In order to establish 
a product definition, a data storage system manufac- 
turer may survey potential customers as to their specific 
needs. The manufacturer may then design a "point' 
product around this definition. This process may be 
repeated for different types of customers which are typ- 
ically classified as "low-end", "mid-range" or "high-end- 
customers ("low-end- customers requiring a more cost- 
competitive, smaller capacity library than "mid-range" or 
"high-end" customers). The result may be a series of 
products not only of different sizes and capacities, but 
also having unique housings, assemblies, and individ- 
ual components. 

[0005] Furthermore, the capacity of each of these 
products Is limited, i.e., within any particular data stor- 
age system produced by a manufacturer there Is a spe- 
cific number of cartridge storage locations and drives. 
This limits the options for a customer whose needs 
change and who may require a larger data storage sys- 
tem at some point In the future. Specifically, that cus- 



tomer can either purchase another data storage system 
to use along with their original data storage system, or 
that customer can purchase a new, larger-capacity data 
storage system to replace the original one. While the 

5 former option involves less initial cost than the latter, 
there are several disadvantages for the customer to uti- 
lize multiple data storage systems rather than purchase 
a single, larger system. Specifically; each data storage 
system has its own cartridge handlin g assembl y, data 

w storage racks and drives. There is an unnecessary 
duplication of components such as the cartridge han- 
dling assembly: i.e.. the customer needing an upgrade 
requires more data storage racks and possibly more 
drives, but not an extra cartridge handling assembly. 

75 Furthermore, the data storage racks. and drives from the 
first data storage system are not accessible by the car- 
tridge handling assembly, of the second data storage 
system, and vice-versa. 

[0006] Thus, a need eixists for a data storage system 
20 which is comprised of individual modular units that can 
be combined to form data storage systems of varying 
size and capacity. Ideally, this modular data storage sys- 
tem would utilize a single carf idge handling assembly 
which may be vertically translated among all of the mod- 
25 ular units so that data cartridges may be transferred 
from a cartridge receiving device in one modular unit to 
a different carfridge receiving device in another modular 
unit. 

[0007] The individual modular units would preferably 
30 be comprised of interchangeable housings, assemblies 
and individual components. This would allow the entire 
family of data storage systems. Including systems for 
low-end. mid-range, and high-end customers, to be 
designed and manufactured together. This replication of 
35 components would provide many advantages to lx)th 
the manufacturer and the customer, since a single set of 
components could be used to sipply an entire family of 
data storage systems. ~ 

"^0 SUMMARY OF THE INVENTION 

[0008] The present invention Is directed to a modular 
data storage system for handling and storing data car- 
' tridges. The modular data storage system may com- 

45 prise a cartridge handling assembly, at least one 
modular unit, and a vertical lift system. Each of the mod- 
ular units of the modular data storage system is stacka- 
ble vertically upon one another to form adjacent 
modular units. Each of the modular units comprises a 

so housing with openings therein which are adapted to 
allow the cartridge handling assembly to pass there- 
through. A plurality of cartridge receiving devices are 
Included within each of the modular units. The adjacent 
modular units are substantially in alignment and posi- 

55 tioned such that the cartridge handling assembly may 
be vertically translated among the adjacent modular 
units. The vertical lift system is provided to vertically 
translate the cartridge handling assemt)ly among tiie 
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adjacent modular units. The vertical lift system may 
include a pinion gear assembly mounted on the car- 
tridge harxlling assembly, a rack assemt^y nrounted on 
each of the modular units and operably associated with . 
the pinion gear assembly, and an actuator system oper- - 5 
ably attached to the pinion gear assembly. . 

[0009] The pinion gear assembly may comprise first - 
and second pinion gears mounted opposite oneanother 
(preferably diagonally). -The rack assemlDly may com-" 
prise first and second racks also mounted ispposite one 10 
another (preferably diagonally). Within any two adjacent 
modular units (an upper modular unit and jl lower mod- 
ular unit), there is an upper rack and a lower rack, each 
with multiple teeth having a predetermined pitch. The 
distance between the lowermost gear tooth on the 15 
upper rack and the uppermost gear tooth on the lower 
rack is equal to the predetermined pitch, or a multiple 
thereof. The upper rack and the lower rack are prefera- 
bly spaced apart from one another. " - 
[001 0] The modular data storage, system n^ay be fur- . 20 
ther comprise a housing adapted to receive a plurality of 
the modular units. The housing rnay comprise a plurality 
of attaching devices fixedly attached to the housing; 
which are adapted to fixedly^ attached the rnodular units , - 
to the housing.. : . ; ^ - 25 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Illustrative and presently preferred embodi- 
ments of the invention are shown in the accompanying . 30 
drawings in which: - - j 

Fig. 1 is an isometric view of a nxxlular data stor- 
age system according to the present invention; 
Fig. 2 is an isometric view of a modular unit from the 35 
modular data storage system of Fig. 1 , with most of 
the housing broken away; 

Fig. 3 is atop plan view of the modular unit of Fig. 2 
schematically illustrating the preferred mounting 
position of the actuator system and pinion gear 40 
assembly; 

Fig. 4 schematically illustrates an alternative longi- 
tudirral mounting position for the actuator system 
and pinion gear assembly of Fig. 3; 
Fig. 5 schematically illustrates an alternative lateral 45 
mounting position for the actuator system and pin- 
ion gear assembly of Fig. 3; 

Fig. 6 is an enlarged side elevational view scherr^t- 
ically illustrating an upper rack and a lower rack 
from two adjacent modular units and a pnion gear so 
of the modular data storage system of Rg. 1 ; and 
Fig. 7 is an isometric view of modular units from the 
modular data storage system of Rg. 1 mounted 
within a housing. 

55 

DETAILED DESCRIPTION OF THE INVENTION 
[001 2] A nnodular data storage system 1 0 according to 



the present invention is shown in Fig. 1 and may com- 
prise at least one modular unit 12, 13. 14. The modular 
units 12. 13, 14 are stackable vertically upon one 
another to form adjacent modular units. While three 
modular units are shown in Rg. 1 . it is to be understood 
that as few as one, or as many modular units as a cus- 
tomer desires, may be utilized in a modular data storage 
system. Furthermore, one or more modular units may 
be added to the modular data storage system, at any 
time. The modular data storage system 10 may also 
comprise a cartridge handling assembly 50 which may 
be vertically translated among the adjacent modular 
units 12, 13, 14 as described in further delail below. 

[0013] Each modular unit 12. 13, 14 may be substan- 
tially identical to one another, except where noted other- 
wise below. Each modular unit 12.13, 14 may comprise 
a housing 30, 32, j34. each having an upper operling, 
e.g.. 36 and a lower opening, e.g., 38. Each of the open- 
ings 36, 38 are sized and shaped to allow the cartridge, 
handling assembly 50 to pass therethrough. Each mod^ 
ular unit 12, 13. 14 may further comprise a plurality of 
cartridge receiving devices 40 which may be. for exam- 
ple/magazines (e.g.. 42) or drives (e.g.. 44). or any 
combination thereof. The cbr^iguration of cartridge 
receiving devices 40 within each modular unit .12. 13. 14 
need not be identical; each modular unit may be config- 
ured to suit a customer's particular needs. 
[0014] The cartrkjge handling assembly 50 may be of 
the type described in U.S. Patent Application Serial No. 
09/045.1 34 filed 3/20/98 for MULTI-PLANE TRANSLAT- 
ING CARTRIDGE HANDLING SYSTEM, which is 
hereby incorporated by reference for all that is con- 
tained therein. Fig. 2 illustrates a modular unit 12 with 
most of the housing 30 broken away to more clearly 
show the cartridge handling assembly 50. It is to be 
understood that the description below may apply to all 
of the modular units (e.g., 12, 13, 14) of the modular 
data storage system 10. 

[0015] As shown in Fig. 2. the cartridge handling 
assembly 50 may comprise a generally rectangular 
frame 16 having an upper portion 1 8, a lower portion 20, 
and four sides 22. 24. 26. 28. Cartridge receiving^ 
devices 40 (magazines 42 and drives 44) are preferably 
accessible from at least one, and most preferalDly two or 
more, of the sides 22. 24. 26, 28. The cartridge handling 
assembly 50 may also comprise a cartridge access 
device 52 capable of loading and retrieving the data car- 
tridges (not shown) from the cartridge receiving devices 
40. 

[0016] The modular data storage system 10 of the 
present invention may also comprise a vertical lift sys- 
tem 58. which is best shown in Rg. 2. The vertical fift 
system 58 way comprise a pinion gear assembly 60 
mounted on the cartridge handling assembly 50. The 
vertical lift system 58 may further comprise an actuator 
system 70 operably attached to the pinion gear assem- 
bly 60 for vertically translating the cartrkige har^Iing 
assenrt)ly 50 anrtong the adjacent nxxlular units 12, 13, 
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14 (Fig, 1). The vertical lift system 58 may further com- 
prise a rack assembly (e.g.. 80) mounted on each of 
said modular units (e.g.. 12). which is operably associ- 
ated with the pinion gear assembly 60. 
[001 7] The pinion gear assembly 60 is preferably com- 5 
prised of a first pinion gear 62 and a second pinion gear 
64. mounted diagonally opposite one another as shown 
in Fig. 2. Each pinion gear 62. 64 is preferably at least 
partially enclosed within a protective housing 66. 68. 
-respectivetyTTherack assembly 80 as shown in Fig. 2 is w 
preferably comprised of a first rack 82 and a second 
rack 84. mounted diagonally opposite one another and 
in alignment with the pinion gears 62, 64. respectively 
Each rack 82. 84 is fixedly attached to the modular unit 
housing 30. The actuator system 70 is preferably com- is 
prised of a motor 72. a gear/shaft assembly 74 to oper- 
ably attach the motor 72 to the pinion gears 62. 64. and 
a protective housing 76, The actuator system protective 
housing 76 may be integrally formed with at least one of 
the pinion gear protective housings (e.g. 66). as shown 20 
in Fig. 2. 

[0018] The actuator system 70 and pinion gears 62, 
64 of the pinion gear assemt>ly 60 are preferably fixedly 
attached to the cartridge handling assembly frame 16 at 
the upper portion 18 thereof. The actuator system 70 25 
and pinion gears 62. 64 are preferably mounted diago- 
nally as shown in Figs. 1 . 2 and schematically in Fig. 3 
in order to most evenly distribute the weight thereof 
along the upper portion 18 of the frame 16. The racks 
82. 84 are also mounted diagonally as shown in this 30 
embodiment. Figs. 4 and 5 illustrate alternate mounting 
positions for the actuator system, pinion gears and 
racks. As shown in Fig. 4. the actuator system 70* may 
be mounted longitudinally, with the pinion gears 62\ 64* 
being mounted longitudinally opposite one another and 35 
the racks 82*. 84' also being mounted longitudinally 
opposite one another. As shown in Fig. 5. the actuator 
system 70" may be mounted laterally, with the pinion 
gears 62", 64" being mounted laterally opposite one 
another and the racks 82", 84 " also being mounted lat- 40 
erally opposite one another. Furthermore, the actuator 
system 70 may be mounted diagonally, longitudinally or 
laterally as shown in Figs. 3-5 at either the upper portion 
1 8 or the lower portion 20 (Fig. 2) of the frame 1 6. 
[001 9] Referring again to Fig. 1 . among adjacent mod- 45 
ular units 12. 13. 14 there is an t^per modular unit (e.g.. 
12) and a lower modular unit (e.g. 13). The upper mod- 
ular unit 12 comprises an upper rack assembly 80. and 
the lower modular unit comprises a lower rack assembly 
90. Fig. 6 illustrates an upper rack 82 and a lower rack so 
92 from two adjacent modular units 12. 1 3. respectively 
and a pinion gear 62. It is to be understood that the fol- 
lowing description applies equally to the second rack 
(e.g.. 84) of each rack assenrt>iy 80. 90 and also to the 
second pinion gear 64 of the pinion gear assembly 60. 55 
[0020] As shown in Fig. 6. the upper rack 82 com- 
prises a plurality of gear teeth 100 having a predeter- 
mined pitch "P- (measured centerline-to-centerline). 



and the lower rack 92 also comprises a plurality of gear 
teeth 1 10 having the same predetermined pitch "P". The 
upper rack 82 conprises a lowermost geair tooth 102. 
and the lower rack 92 comprises an uppermost gear 
tooth 1 12. In order for the pinion gear 62 to translate 
smoothly between the upper rack 82 and lower rack 92. 
two conditions must exist. First, the adjacent modular 
units 1 2. 1 3 must be in sut>stantial alignment. More spe- 
cifically. the u p per rack-82 of t he upper modulgr unit 12 



and the lower rack 92 of the lower modular unit 13 must 
be in substantial alignment (and. correspondingly., .the 
upper rack assembly 80 and lower rack assembly 90 
must be in substantial alignment). Second, as shown in 
Fig. 6. the distance "D" (measured the same way as "P". 
i.e.. centerline-to-centerline) between the lowermost 
gear tooth 102 of the upper rack 82 and the uppermost 
gear tooth 1 12 of the lower rack 92 must be equal to a 
multiple of the predetermined pitch "P". in other words. 
P. 2P. etc. Most preferably, and for the smoothest trans- 
lation. D is equal to R-As shown in Fig. 6.' there is pref- 
erably a space "S" between the upper rack 82 and the 
lower rack 92 so that the upper rack 82 and lower rack 
92 do not abrade one another due to vibrations present 
during normal operation of the cartridge handling 
assembly 50 (Figs. 1 and 2). For example, while the 
racks 82. 92 may each have a pitch "P" of approximately 
6 mm. the spacing "S" may be approximately 0.5 mm, 
[0021] As described above, any number of modular 
units 12. 13. 14 may be stacked vertically upon one 
another to form adjacent modular units of a modular 
data storage system 10. Fig. 1. The rack assemblies 
(e.g. 80. 90) may be aligned using an alignment tool 
(not shown) and shifting either the lower adjacent mod- 
ular unit 13 or the upper adjacent modular unit 12 until 
the rack assemblies are aligned. Then, the lower modu- 
lar unit 13 may be fixedly attached to the upper modular 
unit 12 using any conventional attachment means such 
as screws or the like. The distance "D" and spacing "S" 
are maintained between the upper and lower rsicks 82. 
92 (and ipper and lower rack assemtrfies 80, 90) 
because of the position of the racks 82. 92 within each 
modular unit housing 30, 32. 

[0022] In an alternative embodiment shown in Fig. 7. 
the modular units 12. 13. 14 of the modular data storage 
system 10 may be placed within a housing 120. The 
housing 120 may comprise a plurality of attaching 
devices 122. such as the L-shaped brackets shown in 
Fig. 7. which are adapted to fixedly attach the modular 
units 12. 13. 14 to the housing 120. The attaching 
devices 122 may be fixedly attached to the housing 120 
using a screw or the like. Each of the nrxxlular units 12. 
13. 14 may be inserted into the housing 120 and then 
fixedly attached to several of the attaching devices 122 
screws or the like. It is to be understood that, while L- 
shaped brackets are shown in Rg, 7. any conventional 
attaching device may be used to attach the modular 
units to the housing, as long as the attaching device 
does not interfere with the vertical translation of the car- 
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tridge handling assembly 50 among the adjacent modu- 
lar units. The modular units 12, 13. 14 may alternatively 
be directly attached to the housing 120. The size of the 
housing 120 (and number of attaching devices 122 the ^ 
housing 120 can accommodate), rnay be determined in 
accordance with a customer's . requirements. In the 
emtKXJiment shown in Fig. 7 (as with all errrlxxliments of 
the present inverition). the above-described require- 
ments for smooth translatipri of the pinion gear (e.g.. 62. ~ 
Fig. 6) between the upper racks (e.g. 82) and .lower 
racks (e.g., 92) must be maintained. In other words, in 
addition to aligning the adjacent modular urits as 
described above, the proper distance ("D", Fig. 6) must 
be maintained t)etween the upper and lower racks (82, - 
92, Fig. 6). This is accomplished by. positioning the 
modular units 12, 13, 14 directly adjacent one another 
within the housing 120. 

[0023] It can be seen from the above description that ' 
each of the modular units has many common compo- . 
nents, such as the housing, racks,, drives and maga^ 
zines. In addition, a single cartridge handling assembly 
is used to access the drives and rnagazines of all of the 
modular units, as well as any unit that may be subse- 
quently added. This replication of components provides . 
many advantages to the manufacturer as well as low- 
end, mid-range, and high- end customers, since a single 
set of components could be used to supply an entire . 
family of data storage systems. 

[0024] While illustrative and presently preferred 
embodiments of the invention have been described in 
detail herein, it is to be understood that the inveritive 
concepts may be otherwise variously embodied and 
employed and that the appended claims are intended to 
be construed to include such variations except insofar 
as limited by the prior art. 

Claims 

1. A modular data storage system (10) for handling 
and storing data cartridges, comprising: 

a) a cartridge harKlling assembly (50); 

b) at least one modular unit (12, 13, 14), each 
of said modular units being stackable vertically 
upon one another to form adjacent modular 
units, comprising: 

i) a housing (30. 32, 34) having an upper 
opening (36) and a lower opening (38). 
wherein each of said upper opening and 
lower opening is adapted to allow said car- 
tridge harxJIing asserr^y (50) to pass 
therethrough; 

ii) a plurality of cartridge receiving devices 
(40); and 

iii) wherein said adjacent nxxlular units 
(12, 13. 14) are substantially in alignment 
and positioned such that said cartridge 
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handling assembly (50) may be vertically 
translated among said adjacent modular 
units (12. 13. 14); and 

c) a vertical lift system (58) operably associ- 
ated with said cartridge handling asserrtbly (50) 
for vertically translating said cartridge handling 
assembly (50) among said adjacent modular 
units (12. 13. 14). 

2. The modular data storage systerh (10) of claim 1 
wherein said vertical lift system (58) comprises: 



a) a pinion gear assembly (60) mounted on 
13 said cartridge handling assembly (50); 

b) a rack assembly (80, 90) mounted on each 
of said modular units (12, 13, 14) and operably 
associated with said pinion gear assembly 
(60): and 

20^ c) an actuator system (70) operably attached to 

said pinion gear assembly (60). 

3. The modular data storage system (10) of daim 1 
further comprising a housing (120) adapted" to 

25 receive a plurality of said modular units. 

4. The modular data storage system (10) of daim 2 
wherein: 

30 a) said adjacent modular units (12. 13. 14) 

comprise an upper modular unit (13) with an 
upper rack assembly (80) and a lower modular 
unit (1 4) with a lower rack assembly (90); 
r b) said upper rack assemlDly (80) comprises'an 

35 upper rack (82) having a plurality of gear teeth 

(100). including a lowermost gear tooth (102). 
which are spaced apart by a predetermined 
pitch (P); 

c) said lower rack assembly (90) comprises a 
40 lower rack (92) in sut>stantial alignment with 

said upper rack (82). said lower rack (92) hav- 
ing a plurality of gear teeth (110), Induding an 
uppermost gear tooth (112). which are spaced 
apart by said predetermined pitch (P) of said 
45 upper rack; 

d) wherein the distance (D) iDetween said low- 
ermost gear tooth (102) of said upper rack (82) 
and said uppermost gear tooth (112) of said 
lower rack (92) is equal to a multiple of said 

so predetermined pitch (P). 

5. The modular data storage system of claim 4 where 
' the distance (d) between said lowermost gear tooth 

(102) of said upper rack (82) and said uppermost 
55 gear tooth (1 12) of said lower rack (92) is equal to 
one unit of said predetermined pitch (P). 

6. The modular data storage system (10) of daim 2 
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wherein: 



a) said pinion gear assembly (60) comprises a 
first pinion gear (62) and a second pinion gear 
(64) mounted opposite said first pinion gear s 
(62). and said actuator system (70) is mounted 
between said first pinion gear (62) and said 
second pinion gear (64); and 

b) said rack assembly (80) comprises a first 

rack-(82)~and-a-second-rack-(84)ntioumea — w 

opposite said first rack (82). 

A vertical lift system (58) for a modular data storage 
system (10), said modular data storage system (10) 
comprising a cartridge handling asserT±ily (50) and is 
at least one modular unit (12. 13. 14) comprising a ' 
housing (30. 32. 34) and a plurality of cartridge 
receivtng devices (40). each of said modular units 
(12, 13. 14) being stackable vertically upon one 
another to form adjacent modular units, comprising: 20 

a) a pinion gear assembly (60) mounted on 
said cartridge handling assembly (50); 

b) an actuator system (70) operably attached to 
said pinion gear assembly (60) for vertically 25 
translating said cartridge handling assembly 
(50) among said adjacent modular units (12 

13. 14): ' 

c) a rack assent>ly (80. 90) mounted on each of 
said modular units (12, 13, 14) and operably 30 
associated with said pinion gear assembly 
(60): and 

d) wherein said rack assemblies (80. 90) of 
said adjacent modular units (12, 13. 14) are 
substantially in alignment and positioned such 35 
that said cartridge handling assembly (50) may 

be vertically translated among said adjacent 
rTKXlular units (12. 13, 14). 

The vertical lift system (58) of claim 7 wherein: 40 

a) said adjacent nrxxlular units (12. 13. 14) 
comprise an upper modular unit (12) with an 
upper rack assembly (80) and a lower modular 
unit (14) with a lower rack assembly (90): 45 

b) said upper rack assembly (80) comprises an 
upper rack (82) having a plurality of gear teeth 
(100), including a lowermost gear tooth (102). 
which are spaced apart by a predetermined 
pitch (P); 

c) said lower rack assembly (90) comprises a 
lower rack (92) In substantial alignment with 
said upper rack (82), said lower rack (92) hav- 
ing a plurality of gear teeth (1 10). including an 
uppermost gear tooth (112). which are spaced 55 
apart by said predetermined pitch (P) of said 
upper rack; 

d) wherein the distance (D) between said low- 
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ermost gear tooth (102) of said upper rack (82) 
and said uppermost gear tooth (112) of said 
lower rack (92) is equal to a multiple of said 
predetermined pitch (P). 

The modular data storage system of claim 8 where 
the distance (D) between said lowermost gear tooth 
(102) of said upper rack (82) and said uppermost 
gear tooth (112) of said lower ra ck (92) is equal to 



one unit of said predetermined pitch (P). 
10. The vertical lift system (58) of daim 7 wherein: 

a) said pinion gear assembly (60) comprises a 
first pinion gear (62) and a second pinion gear 
(64) mounted opposite said first pinion gear 
(62). and said actuator system (70) is mounted 
between said first pinion gear (62) and said 
second pinion gear (64): and . 

b) said rack assembly (80) comprises a first 
rack (82) and a second rack (84) mounted 
opposite said first rack (82). 



so 




FIG. 1 



EP 0 982 723 A2 



CO 




EP 0 982 723 A2 




EP 0 982 723 A2 




FIG. 6 



EP 0 982 723 A2 




FIG. 7 



11 



• ► * 



This Page Blank (uspto) 



I 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



^^JVaDED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND \^ITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ■ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




ffiis Page Blank (uspto) 



